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 The gypsy insulator in Drosophila melanogaster affects gene expression by 
organizing higher-order chromatin structure. The CP190 protein component of the gypsy 
insulator is known to be essential to the fly during development. It is believed that the 
Glutamic Acid-rich C-terminal domain of the protein plays an important role during 
embryonic development by affecting nuclear migration or dorsal closure, two myosin-
dependent events. To explore this supposition, embryos lacking maternal contribution 
and homozygous for the Cp190 mutation (deleted C-terminus) were stained in order to 
view nuclear migration and to determine their developmental stage. To establish whether 
the homozygous mutants were able to develop into larvae, a GFP signal in heterozygous 
flies was viewed. Results showed that flies homozygous for the Cp190 mutation were 
able to develop past the embryo stage into larvae with no disruption in nuclear migration 
or dorsal closure. This indicated that the Glutamic Acid-rich C-terminus of the CP190 
protein may not play an essential role in the fly’s embryonic development, but it may 
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 One of the best-studied chromatin insulators is the gypsy insulator in a 
retrotransposon of Drosophila melanogaster. The gypsy insulator plays a role in nuclear 
organization, affecting gene expression by influencing the signals between the enhancer 
and the promoter of a gene¹. Insulators are able to form loop-like structures, called 
rosettes, organizing DNA sequences of chromatin in a way that alters the function of 
genes. The gypsy insulator has been known to affect the expression of many genes in D. 
melanogaster. Studies of the regulatory elements controlling the yellow pigmentation 
gene show that gypsy insertion in the gene locus separating the promoter from the rest of 
the sequence prevents yellow expression in the wings and body cuticle². This indicates 
that the gypsy insulator plays a role in activating or inhibiting gene expression. To gain a 
better understanding of its mechanism of action, the structural components of the gypsy 
insulator have been determined. 
  The gypsy insulator is known to be composed of at least three proteins that bind 
with each other at specific sites. The first protein determined to be part of the insulator is 
Su(Hw), encoded by the gene suppressor of Hairy-wing. This protein, interacting with 
the gypsy element to control its transcriptional and mutagenic effect on genes, contains a 
highly acidic region at its N-terminus, 12 repeats of the zinc finger domain, and a leucine 
zipper at its C-terminus³. The zinc finger domains are believed to bind with the DNA 
while the leucine zipper interacts with a second protein component of the insulator, 
Mod(mdg4) 2.2. The Mod(mdg4) 2.2 protein contains an N-terminal BTB domain, 




the acidic C-terminal region of Mod(mdg4) 2.2 with Su(Hw)4. A third component of the 
gypsy insulator is the centrosomal protein of 190 kD, CP190. It was originally discovered 
as a fundamental component of the centrosome during mitosis, moving to the nucleus 
during interphase in action independent of microtubules5. In the nucleus, it has been 
found that CP190 is an essential component of the gypsy insulator complex, independent 
of its role during mitosis. CP190 interacts with both Su(Hw) and Mod(mdg4)2.2 and 
contains an N-terminal BTB/POZ domain, three zinc fingers, and a Glutamic Acid (E)-
rich C-terminus6. Many studies have been performed to elucidate how the components 
interact and to determine the role of each component in gypsy insulator function. A recent 
study has found that post-translational modifications of Mod(mdg4) 2.2 and CP190 can 
help determine higher-order chromatin structure7. Knowing the role of the individual 
protein components of the gypsy insulator is essential to learning more about the action 
and function of insulators in the nucleus. 
The role of the most recent component of the gypsy insulator to be discovered, 
CP190, has been under investigation. The consequences of Cp190 mutations on the 
viability of flies have shown that it plays an essential role in the gypsy insulator6. Flies 
homozygous for a Cp190 mutation are not able to mature into adult flies, dying in the 
pupa stage8. However, the role of CP190 in embryonic development is unclear. The 
findings indicate that either the protein is not involved in embryonic development or 
maternal contribution of a normal CP190 protein is sufficient to support its function 
during these early stages, allowing the fly to mature to the later larva and pupa stages. To 
investigate the effects of recessive lethal mutations on autosomes without maternal 




flipase recognition target (FRT) is used to promote chromosomal recombination during 
heat shock treatment of larvae. The FRT interacts with the female sterile mutation Ovo
D1
 
which is a selector for the recombination events
9
. The GLC experiment allows for 
determination of the effect of mutant CP190 proteins free of normal CP190 maternal 





 mutants, showed defects in the axial expansion of nuclei with 
disruption in myosin function in early stages of embryonic development
10
. These results 
indicate that the portions of CP190 contribute to its function in early stages of embryonic 
development when it is not rescued by maternal contribution.  
It is believed that the Glutamic Acid-rich portion (C-terminal E-rich domain) of 
the CP190 protein is essential to the developing embryo, playing a role in the myosin-
dependent functions of development. This portion of the protein may disrupt myosin-
dependent nuclear migration or dorsal closure, a process occurring between embryonic 
stages 14 and 15 that is dependent on the actomyosin cytoskeleton
11
. In order to 
investigate this notion, a GLC experiment was performed on Cp190 mutants missing 
their C-terminal E-rich domain, called the Cp190
En15 
mutation. The embryos from the 
GLC were collected and stained in order to determine the final stage of development for 
homozygous mutants lacking maternal contribution. The lacZ gene of HZ2.7 
transformant flies from previous research was used to detect the maxillary distribution of 





. A staining of the neural tissue was used to establish the 
developmental stage of the embryos. To determine whether homozygous mutants 






 mutants lacking the C-terminal E-rich domain of the CP190 
protein were able to develop into larvae with no disruption in nuclear migration or dorsal 
closure. Furthermore, these flies could develop into relatively healthy larvae with some 
successfully developing into pupae. These results indicate that this domain is not 
essential for the investigated embryonic developmental processes. In addition, these 
results suggest that the C-terminal E-rich domain of the CP190 protein may affect the 
fly’s later development from a larva into a pupa. 
Methods 
Generation of Germline Clones 
The GLC system explained by Chou and Perrimon
9
 was used to generate 
homozygous Cp190 germline clones. The Cp190
En15


















]/TM3 males. Flies were allowed 
to lay eggs in vials, and emerging larvae were heat-shocked for one hour at 37°C for 




e oocytes were collected 




e/TM6B males to produce GLC embryos with the 
ratio of homozygous Cp190
 En15
 mutants to embryos heterozygous for the mutation being 




 mutations. These 
flies were crossed at 25°C in cages containing juice plates and yeast to facilitate 
reproduction. Embryos were collected from the juice plates after they were aged at 25°C 





GLC embryos were collected into a sieve containing Nitex mesh using a 
paintbrush and water and carefully dechorionated in 50% bleach for 5 minutes: embryos 
were shaken on a rotator with bleach in the lids of juice plates to allow the bleach to hit 
against the embryos. The embryos were rinsed well with water and placed in a 
scintillation vial with a fixative solution of 500 uL heptane, 450 uL distilled water, and 
50 uL formaldehyde, prepared under a hood. The embryos were rotated on a Nutator for 
15 minutes. The bottom formaldehyde layer was removed, and 1 mL methanol was 
added. The vial was immediately shaken vigorously for one minute to allow for the 
embryos to be removed from the vitelline membrane. The heptane/methanol layer was 
removed, and the embryos were washed twice with 1 mL methanol. At this point, the 
embryos could be stored at -20°C. 
DNA Staining 
 GLC embryos were fixated as previously described. The methanol was removed 
and replaced with 50 uL PT (1x PBS, 0.1% triton). Embryos were washed twice for one 
minute in 1 mL PT and for 20 minutes in 50 uL PT plus 2 uL Hoechst dye to stain the 
DNA in the nuclei. The solution was removed, and the embryos were pipetted up and 
placed on a microscope slide with 30 uL VectaShield anti-fade solution. Stained embryos 
were viewed under DAPI fluorescence to view nuclear migration.      
HRP Staining 
The Rapid Antibody Staining for Whole Mounts by Patel
12
 was used to fix and 




e oocytes were collected 




e/TM6,{Hz},Sb,e males to produce GLC embryos 









mutations. For the Cp190
1










e/TM6,{Hz},Sb,e males for the Cp190
2
 mutation. This allowed for β-
galactosidase expression in heterozygotes that could be stained with antibodies. Flies 
were allowed to lay eggs for 3.5 hours and aged for 8, 10, or 12 hours at 25°C. The aging 
times were used to obtain embryos at different stages of development to ensure viewing 
of dorsal closure between Stages 14 and 15. Embryos were fixated as previously 
described. The methanol was removed and replaced with 1 mL PT. Embryos were 
washed twice for one minute in 1 mL PT and once for 10 minutes. Embryos were 
incubated for 10 minutes in 0.95 mL PT with 50 uL NGS (5% normal goat serum) to 
block specific binding sites for the antibody. The PT and NGS was replaced with 1 mL 
primary antibody solution containing a 1:1,000 dilution of rabbit anti-β-gal, a 1:10 
dilution of BP102 mouse anti-CNS, and 5% NGS in PT. The embryos were incubated for 
30 minutes on the Nutator at room temperature. The embryos were washed three times 
for one minute in 1 mL PT and three times for 10 minutes to remove all traces of the 
primary antibody solution. The secondary antibody containing 1:250 dilutions of HRP 
(horseradish peroxidase) donkey anti-mouse and HRP goat anti-rabbit and 5% NGS in PT 
was added and incubated for 30 minutes on the Nutator at room temperature. The 
embryos were washed three times for one minute in 1 mL PT and three times for 10 
minutes to remove all traces of the secondary antibody solution. One tablet of DAB was 
dissolved in 33 mL PT. The last PT was removed from the embryos and replaced with 1 




was added to induce the HRP staining. Embryos were incubated for 15 minutes at room 
temperature on the Nutator. The DAB solution was removed, and embryos were washed 
twice for one minute with PT and twice for one minute with 1x PBS (Phosphate Buffer 
Saline). Embryos were stored and viewed in 1 mL 70% glycerol in PBS under a Leica 
S8APO Microscope.    
Embryo Hatching Counts 
 Flies were allowed to lay GLC embryos, and the number of embryos that 
remained unhatched or that hatched into larvae were counted. It was expected that all 
homozygous flies would not be able to hatch into larvae, giving a 1:1 ratio of hatched to 
unhatched embryos. In Trials 1 and 2, flies laid embryos for 12 hours at 25°C. After this 
time, 100 embryos were selected and placed on fresh juice plates. These embryos were 
allowed to age in 25°C for another 24 hours. In Trial 3, flies laid embryos for 12 hours at 
18°C, and were allowed to age for 28 hours at 25°C before counting. Counts from all 
trials were totaled to determine the ratios of embryos that could hatch into larvae. 
GFP Signal Test 















 mutations. For the Cp190
1










e/TM6,Tb,GFP males for the Cp190
2
 mutation. Heterozygous flies expressed the 
GFP allele, causing a cephalic region in them to glow green when exposed under 




homozygous and heterozygous larvae were counted using a Leica MZ16F Fluorescent 
Microscope. A homozygous larva was examined under a Leica S8APO Microscope to 
observe any morphological defects. Homozygous larvae from each fly line were collected 
and placed onto food plates in cages. The larvae were allowed to mature in 25°C for 7 
days. The number of pupa that developed on the plates and cages was counted. 
Results 
Nuclear migration in Cp190
 En15
 mutants is not disrupted 
 GLC embryos homozygous for the Cp190
 En15 
allele lacking maternal contribution 
of a full CP190 protein were stained to determine the effect of the Glutamic Acid-rich C-
terminal domain on the fly’s embryonic development. It was expected that the GLC 
homozygous embryos would show defects in axial expansion, with 50% of observed 
embryos (homozygous mutants) showing this disruption. In all embryos viewed, axial 
expansion was normal with no disturbances when the nuclei migrated from the anterior to 
the posterior end of the embryo (Figure 1). The E-rich C-terminal domain does not 
appear to play a critical role in the migration of nuclei in the development of the embryo, 
however its functions in other aspects of fly development are not known.    
Dorsal closure in Cp190
 En15
 mutants is not disrupted 
 GLC embryos, with heterozygotes possessing the HZ2.7 transformant of the lacZ 
gene, were stained with antibodies to differentiate homozygotes and to identify the 
embryonic developmental stage in order to determine if dorsal closure was affected by 
the Cp190
 En15 
mutation. It was expected that zero or very few homozyotes would be able 
to develop past Stage 14. Heterozygotes were used as a control because they possessed 




were able to develop to Stage 15 and beyond. Figure 2 shows Cp190
 En15 
embryos in 
Stages 13, 15, and 17 for both homozygotes and heterozygotes. Table 1 shows embryo 
counts for different embryo aging times. These different times were used to optimize the 
number of embryos between Stages 14 and 15. In the 8-hour staging, some embryos had 
begun to develop past Stage 15. Embryos with the Cp190
 En15
 mutation had the most 
number of flies in Stages 15-17 with 56.3% of homozygotes in these later stages. The 
other two mutations had a majority of embryos in Stages 13-14. In the 10-hour staging, a 
greater percentage of flies had developed into Stage 15 and beyond. 84.6% of Cp190
 En15
 




flies had 75% 
and 53.1% of homozygous mutants in the later stages. In the 12-hour staging the majority 
of heterozygous and homozygous mutants for all fly lines had developed into Stages 15-
17. It appeared that there was no significant defect in dorsal closure to prevent embryos 
from developing out of Stage 14 into larvae. 
Cp190
 En15
 mutants are able to develop past embryonic stages into larvae 
 Counts of GLC flies that were able to hatch into larvae were taken for each fly 
line. If homozygous flies were not able to develop into larvae, there should have been 
50% hatched embryos (heterozygotes) and 50% unhatched embryos (homozygotes). Flies 
with the Cp190
 En15





 mutations had 64% and 61% of their embryos hatch into larvae, 
respectively (Table 2). This preliminary result indicated that homozygous mutant flies 
were able to develop into larvae. 
To determine more conclusively if GLC homozygous embryos homozygous were 




fluorescent microscope. If homozygotes experienced defects in the embryonic stages of 
development, none of the embryos should have been able to develop into larvae. 
Homozygous GFP negative embryos with the Cp190
 En15
 mutation were able to develop 
into larvae (Figure 3), indicating that the E-rich C-terminus of the CP190 protein does not 
have an essential role in embryonic development. The percentages of GFP positive 







 mutant GLC flies. Results are summarized in Table 3. In the flies 
lacking the E-rich domain, the Cp190
En15





 mutants, 37% and 46% of larvae were homozygous, respectively. All 
mutants were able to develop past the embryo stage into at least first instar larvae. One of 
the homozygous larvae with the Cp190
En15
 mutation was examined for any 
morphological defects (Figure 4). These larvae appeared to move slower and were more 
fragile than wild type. They were not as resilient when placed on a glass slide in PBS for 
viewing under the microscope. However, they had no visible defects when observed 
under the microscope.  
Cp190
 En15
 mutant larvae are able to develop into pupae. 
Homozygous larvae were transferred to food plates to determine if they could 
develop into the pupa stage. It was found that a small portion of the larvae collected 
could develop into pupae. For the Cp190
 En15
 mutation, 30% of the larvae could develop 
into pupae. There were two flies that developed into adults, but they had incorrect 
phenotypes, indicating potential contamination. Fly contamination was checked for all 








 mutants, 0% and 23% of larvae developed 
into pupae, respectively. None of these lines had flies develop into adults. 
 
 
Figure 1. Nuclear migration was not disturbed in Cp190 mutants lacking the E-rich 
domain. This embryo was stained with Hoechst dye to visualize the nuclei. The anterior 
to posterior migration of nuclei is not disturbed in this experimental GLC embryo with a 














Figure 2. An HRP Antibody Staining to identify heterozygous larvae shows that 
homozygous flies are able to develop past Stage 14 of embryonic development. Fly 
embryos were stained with antibodies to view their CNS and β-galactosidase expression 
in heterozygotes. Images in the top row show β-galactosidase positive embryos, 
representing heterozygous flies. The images in the bottom rows show homozygous 
Cp190
 En15
 mutants. Both homozygous and heterozygous mutants were able to develop 
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Table 1. The HRP antibody staining to differentiate homozygous embryos and to view embryonic stage 
was used to generate counts of embryos in each stage. Male flies with a Cp190 mutation and a lacZ gene 
were crossed with female mosaics with CP190-free oocytes. The numbers of heterozygous and homozygous 
embryos in each stage were counted to obtain a percentage to determine how many of each fly could develop to 
Stage 15, completing dorsal closure. 
8 hour staging 
[En15] Fly [1] Fly [2] Fly 
Heterozygous Homozygous Heterozygous Homozygous Heterozygous Homozygous 
Stage 13-14 8 42.1% 7 43.8% 4 100.0% 1 100.0% 17 85.0% 10 71.4% 
Stage 15-17 11 57.9% 9 56.3% 0 0.0% 0 0.0% 3 15.0% 4 28.6% 
Total Embryos 19   16   4   1   20   14   
10 hour staging 
[En15] Fly [1] Fly [2] Fly 
Heterozygous Homozygous Heterozygous Homozygous Heterozygous Homozygous 
Stage 13-14 7 30.4% 4 15.4% 0 0.0% 3 25.0% 5 31.3% 13 46.4% 
Stage 15-17 16 69.6% 22 84.6% 4 100.0% 9 75.0% 11 68.8% 15 53.6% 
Total Embryos 23   26   4   12   16   28   
12 hour staging 
[En15] Fly [1] Fly [2] Fly 
Heterozygous Homozygous Heterozygous Homozygous Heterozygous Homozygous 
Stage 13-14 2 10.5% 2 18.2% 2 10.0% 0 0.0% 0 0.0% 1 8.3% 
Stage 15-17 17 89.5% 9 81.8% 18 90.0% 10 100.0% 8 100.0% 11 91.7% 











Table 2. The numbers of hatched and unhatched embryos were counted to determine if 
mutant flies developed past embryos. GLC flies were allowed to lay eggs on juice plates and 
transferred to a new plate where they matured overnight. The number of hatched and 
unhatched embryos was counted for each fly type. In Trial 3, embryos were not transferred to 
a new plate. It was expected to count 50% hatched embryos (heterozygotes) and 50% 
unhatched embryos (homozygotes). 
  
[En15] Fly [1] Fly [2] Fly 
Hatched Unhatched Hatched Unhatched Hatched Unhatched 
Trial 1: 12 hour laying, 
100 embryos selected, 
24 hour aging 
81 19 66 34 66 34 
Trial 2: 12 hour laying, 
100 embryos selected, 
24 hour aging 
91 9 75 25 73 27 
Trial 3: 28 hour laying, 
no selection 
101 69 52 50 36 51 
Total 273 97 193 109 175 112 











    
     
 
Figure 3. A GFP signal test to identify heterozygous larvae showed that homozygous 
flies were able to develop into larvae. Fly larvae were exposed under FITC fluorescence 
(A,C) and under phase contrast (B,D). Images A and B show a GFP negative larva, 
representing a homozygous Cp190 mutant that has developed past the embryo stage. 
Images C and D show the cephalic green structure (arrow) of a GFP positive larva, 

























Table 3. Counts of heterozygous and homozygous larvae were taken using the GFP signal test to determine 
how many homozygous mutants could develop into larvae. Male flies with a Cp190 mutation and a GFP marker 
were crossed with female mosaics with CP190-free oocytes. The number of GFP Positive heterozygous larvae and 
the number of GFP Negative homozygous larvae were counted to obtain a percentage to determine how many of 
each fly were able to develop out of the embryonic stage into larvae. 
  














Trial 1 34 12 41 7 24 25 
Trial 2 68 39 103 11 105 47 
Trial 3 27 41 20 2 18 31 
Trial 4 87 59 40 46 22 23 
Trial 5 128 68 79 102 39 54 
Total 344 219 283 168 208 180 






Figure 4. A homozygous larva was examined to observe any structural defects. A 
GFP Negative homozygous larva was taken from the GFP signal test and placed on a 




Table 4. Homozygous larvae were collected and observed to 
determine if they could develop into pupae. GFP negative 
homozygous larvae were collected and placed on food plates. 
Flies were allowed to age for 7 days, and counts of pupae were 
made to determine if larvae could develop into pupae.  
 
[En15] Fly [1] Fly [2] Fly 
Larvae Collected 50 16 26 
Pupae Observed 15 0 6 




















lacking maternal contribution experience myosin-dependent disruptions in axial 
expansion of the nuclei in early developmental stages of the embryo
10
. Embryos 






alleles lacking maternal 
contribution of a full CP190 protein were stained to view nuclear migration. In all fly 
lines, axial expansion appeared to be normal with no disturbances in nuclear migration. 
This indicated that, contrary to previous findings, homozygous mutant flies were able to 
develop to later stages. The E-rich C-terminal domain of the CP190 protein did not 
appear to play a critical role in the migration of nuclei in the development of the embryo. 
Other aspects of development had to be investigated to determine the role of the C-
terminal portion of the CP190 protein in development.  
 Defects in dorsal closure, another myosin-dependent process occurring in later 
embryonic stages, were investigated. GLC embryos were stained with antibodies to 
differentiate homozygotes and to identify embryonic developmental stage. The dorsal 
closure event occurs between Stages 14 and 15 of embryonic development. In all fly 
lines, both homozygotes and heterozygotes were able to develop past Stage 14, indicating 
that dorsal closure is not affected by the E-rich C-terminal domain of the CP190 protein. 
After embryos were aged for 8 hours, some embryos had already begun to develop past 
Stage 14. After a 10-hour staging, a greater percentage of flies had developed into Stage 
15 and beyond. After aging for 12 hours, the majority of heterozygous and homozygous 




domain of the CP190 protein did not contribute a significant defect to any stages of 
embryonic development to prevent embryos from developing into larvae. 
 Tests were performed to determine if homozygous mutants could develop into 
larvae. Preliminary counts of hatched and unhatched GLC embryos indicated that 
homozygous mutant flies were able to develop into larvae. To corroborate these results, 
larvae were viewed under fluorescence with heterozygous larvae possessing a GFP allele 
that allowed them to glow green. Homozygous GFP negative flies with the Cp190
 En15
 
mutation were able to develop into larvae. All mutant flies possessed some homozygotes 
that were able to develop past the embryo stage into at least first instar larvae. A 
homozygous larva with the Cp190
En15
 mutation was examined for any morphological 
defects, but it appeared to have no visible defects despite moving slower and being more 
fragile than wild type. These results support the conclusion that the E-rich C-terminus of 
the CP190 protein does not play an essential role in embryonic development. 
Counts were performed to determine if homozygous larvae could develop into 





 mutants. For the Cp190
 En15
 mutation, there were two flies that 
developed into adults. However, they had incorrect phenotypes, indicating potential 
contamination that appeared to be an isolated incident. For the Cp190
1
 mutant, no flies 
developed into pupae. There was a small amount of flies tested for each line, and there 
may have been contamination in the Cp190
 En15 
homozygotes, so these results may be 
unreliable. 
It was discovered that the E-rich C-terminal domain of the CP190 protein in D. 




fly’s development into an adult. The myosin-dependent events of axial expansion and 
dorsal closure are not disrupted in homozygous mutant embryos lacking maternal 
contribution of a normal CP190 protein. Furthermore, homozygotes are able to develop 
into larvae with no morphological defects with some making it to the pupa stage. There 
are disruptions in late larval stages or pupal stages that prevent the fly from maturing into 
an adult. In the future, it is important for these experiments to be reproduced to ensure 
accuracy of the results. Further tests should be performed on homozygous larvae and 
pupae to determine where defects occur to prevent these flies from developing into 
mature adults. The procedures could be used to examine the effects of other Cp190 
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